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- ABSTRACT 
T h i s  docurnent c o n s t i t u t e s  the seventh quar te r ly  progress  r epor t  f o r  
Included is a descr ip t ion  of the  t e s t  NASA Goddard Contract NAS 5-9650. 
progress  on the  research program, "Space Environment Ef fec t s  on Thermal 
Control Coatings," which was accomplished during the  period 15. Harch 
e *  
through 15 June 1967. 
i r r a d i a t i o n  r a t e  t e s t i n g  of thermal con t ro l  coat ings was performed i n  s i t u .  
Changes i n  s p e c t r a l  re f lec tance  of coa t ing  specimens were observed i n  
vacuum throughout the 0.25 t o  2.5 micron wavelength region, a f t e r  e q o s u r e s  
During this quar te r ,  low energy (50 kev) e l e c t r o n  
. . .  . L . .  
-- 
* , a  
. - >  
14 2 x 10 , t o  e lec t ron  f luences of 1 x lou, 1.6 x 5 x lou,  1 x 
-2 5.5 x 8.5 x and 8 x 10l5 e l ec t rons  crn . Exposures were con- 
ducted using e l e c t r o n  f luxes  ranging from those t y p i c a l  of maximum space 
r a t e s  (4 x 10 e lec t rons  cm 6ec ) t o  acce lera ted  f luxes  as much as 
4 x 10 more intense.  
8 -2 -1 
" 3  Recovery of s p e c t r a l  re f lec tance  was a l s o  observed 
. . I  . . .  
following re-exposure of t e s t  samples t o  dry air. I _  
Signi f icant  conclusions reached during t h i s  quar te r  are : 
. I  
, c  
1. I n  the types of coatings s tud ied  . for  t h i s  cont rac t ,  degridat ion 
i n  s p e c t r a l  re f lec tance  due t o  50-kev e l e c t r o n  exposure is independent of 
i r r a d i a t i o n  ra te .  Thus, i r r a d i a t i o n  of therna l  cont ro l  coat ings with 
53-kev e l ec t rons  a t  acce lera ted  laboratory r a t e s  appears $0 be va l id ,  a t . ,  
3 least t o  an acce le ra t ion  f a c t o r  of  4 x 10 . 
2. Coatings employing methyl s i l i cone  binders s u s t a i n  the g rea t e s t  
degree of re f lec tance  degradation i n  the inf ra red .  
potassium s i l i c a t e  binders  s u f f e r  the l a r g e s t  ref lectance losses i n  the 
Coatings using 
v i s i b l e  region. 
i v- 
8 
D2-84118-7 
3. Threshold f o r  re f lec tance  degradation, and r a t e  of buildup of 
degradation, are highly var iab le ,  even among coa t ing  formulations of  a 
s i n g l e  c l a s s  (e. g. T i 0  -methyl s i l i c o n e )  . I n  Znb-methyl s i l i c o n e  coat ings,  2 
degradation proceeds t o  very high re f lec tance  change values before satura- 
t i o n  occurs. 
4. Non-linear damage is present  i n  one or more wavelength regions of 
Degradation proceeds most near ly  l i n e a r l y  seve ra l  coa t ing  types examined. 
with e l ec t ron  fluence i n  type F, ' z inc  oxide/aluminun oxide-potassium 
s i l i c a t e  . 
5. Based upon s u b s t a n t i a l l y  d i f f e r e n t  degradation phenomena (var ious 
r e l a t i v e  amounts of re f lec tance  change) i n  the s e v e r a l  wavelength regions 
s tud ied ,  the  operat ion of  more than one damage mechanism is indicated.  
Subs tan t i a l  r e s to ra t ion  of s p e c t r a l  re f lec tance  toward pre- 6. 
i r r a d i a t i o n  values occurs i n  most d i f fuse  coat ings upon re-ex_oosure t o  air. 
7. The r e s u l t s  of these  t e s t s  on thermal cont ro l  coat ings t i e  
toge ther  (1)  the r e s u l t s  of ear ly  i n - a i r  t e s t s  (samples exposed a t  high 
f luences)  which ind ica t ed  s t rong  e f f e c t s  only i n  the v i s i b l e  region, and 
(2) the more recent r e s u l t s  of in s i t u  t e s t i n g  t h a t  i n d i c a t e  t h a t  
contarnination-free e l e c t r o n  t e s t s  show ref lec tance  changes pr imari ly  i n  
the i n f r a red  region. 
e The following recommendations are made: 
1. That a s tudy of the dependence of re f lec tance  degradation i n  
s e l e c t e d  thermal cont ro l  coat ing types,  upon the inc ident  energy of 
e l ec t rons  between 20 and 80 kev, be performed as an add-on t o  t h i s  
con t r ac t  . 
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2. That i n  the i n t e r e s t  of being able t o  charac te r ize  t e s t  r e s u l t s  
more f u l l y ,  and t o  a r r i v e  a t  more meaningful conclusions,  more information 
on the formulation and preparat ion of coa t ing  specimens be passed a long  
t o  Boeing whenever i t  is shared with NASA-Goddard by suppl ie rs .  
KEY WORDS 
Electron gun Non-linear damage 
Electron i r r a d i a t i o n  Rate e f f e c t s  
Fluence Spec t ra l  re f lec tance  . 
Flux 
I n  s i t u  . -- 
Thermal con t ro l  coat ings 
Vacuum 
1 
i 
I 
i 
I 
i 
! I :  i ! 
v i  
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D2-84118-7 
1 O INTRODUCTION 
1.1 ' Program k s c r i p t i o n  
The o v e r a l l  ob jec t ive  of the  program is the determination of the 
e f f e c t s  of e l ec t rons  and u l t r a v i o l e t  r ad ia t ion  on thermal con t ro l  coat ings 
i n  t h e  presence of environmental condi t ions similar t o  those encountered 
i n  space. 
o r b i t i n g  spacecraf t .  Those fea tures  se l ec t ed  f o r  s imulat ion are u l t rah igh  
The environment c r i t e r i o n  se l ec t ed  is t h a t  f o r  a near-earth 
vacuum, temperature, u l t r a v i o l e t  r ad ia t ion ,  and magnetically trapped 
e lec t rons .  The s p e c i f i c  ob jec t ives  of the program a r e  to: 
1. Study the concomitant e f f e c t s  of rad ia t ion ,  vacuum, and tempera- 
t u r e  over a range of -70°C t o  +gO°C. 
2. Study the e f f e c t s  of simultaneous e l ec t ron  and u l t r a v i o l e t  
i r r a d i a t i o n  on the  thermophysical p r o p  r t i e s  of thermal con t ro l  coatings.  
Es t ab l i sh  the v a l i d i t y  of accelerated-rate  laboratory i r r ad ia -  .3. 
t i o n  through a s tudy  of r ad ia t ion  damage as a funct ion of exposure ra te .  
4. Inves t iga t e  physical  property changes as well as o p t i c a l  
c h a r a c t e r i s t i c  changes due t o  i r r a d i a t i o n  i n  a sirnulnted space environment. 
Approximately 1,000 t e s t  specimens have been suppl ied  by the  Thermal 
Systems Branch of NASA Goddard. 
and u l t r a v i o l e t  r ad ia t ion ,  both separa te ly  and simultaneously. 
These samples a r e  being exposed t o  e lec t rons  
Spec t ra l  
C 
reflectance measurements of  these sanples  a r e  being made -- i n  s i t u  over the  
240 t o  2500 millimicron wavelength region before ,  pe r iod ica l ly  during, and 
a f t e r  i r r a d i a t i o n ,  using the Combined Radiation Ef fec t s  Tes t  Chamber (CRETC). 
Se lec ted  t e s t  specimens a r e  also measured a f t e r  samples a r e  re-exposed t o  
dry air. 
Spec i f i ca l ly ,  the following t e s t s  have been completed: 
1 
1 i- - - _  : *  / '  
1 
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1.' A screening  t e s t  involving exposure of 17 sample types a t  22OC, 
14  -2 t o  50 kev e l ec t rons  a t  f luences from 1.6 x 1013 t o  8.5 x 10 
(See D2-84118-6. ) 
2. 
e lec t rons  CCI . ' 
/' 
An e l e c t r o n  r a t e  test ,  again using 50 kev e l ec t rons  a t  f luxes  
8 -2 -1 f r o m  4 x 10 t o  1.7 x 10l2 e lec t rons  cm s e c  , t o  e s t a b l i s h  the equiva- 
lence between e f f e c t s  produced by acce lera ted  labora tory  exposures and t h e  
lower f l u x  l e v e l s  of space exposure, o n 1 2  sample types a t  22OC. 
f luence range covered was 1 x 1013 t o  8 x 10l5 e lec t rons  cm' . 
The 
-2 
Future t e s t s  include the  following: 
1. A n  u l t r a v i o l e t  rad ia t ion  e f f e c t s  s tudy t o  provide information 
needed t o  determine 
r ad ia t ion  are add i t ive  for simultaneous o r  sequen t i a l  i r r ad ia t ions .  S ix teen  
i f  the e f f e c t s  of low energy e l ec t rons  and u l t r a v i o l e t  . .  
types of samples w i l l  be exposed t o  more than 1000 equivalent  W-sun hours, 
while t h e i r  s u b s t r a t e s  are maintained a t  2OoC, and measured a t  se l ec t ed  
increments of exposure. 
2. Elec t ron-u l t rav io le t  i n t e n s i t y  r a t i o  s t u d i e s  t o  determine the 
inf luence of t h i s  r a t i o  on damage and damage rates, and t o  study o the r  
syne rg i s t i c  e f f e c t s .  Per iodic  re f lec tance  measurements w i l l  be made i n  
vacuum at 1 0 ° C  during combined u l t r a v i o l e t  and 50-kev e l ec t ron  emosure 
tests. 
6 1.2 Progress Summary 
Selected t e s t  and cont ro l  specimens of 12  sample types were placed 
i n  the Combined Radiation Effects  Tes t  Chamber (CXZ'C) 2nd exposed t o  
e l ec t rons  following the obtaining of base-line,  p re i r r ad ia t ion  s p e c t r a l  
re f lec tance  measurements. Eqosures ,  designed t o  y i e l d  data  on the 
2 
presence o r  absence of e f f e c t s  due t o  var ious e l e c t r o n  i r r a d i a t i o n  r a t e s ,  
uere made t o  the  following fluences: 1 x 1.6 x lou, 5 x 10 , 
1 . x  2 x 5.5 x 8.5 x and 8 x 10l5 e l ec t rons  cm 
Rates a t  which e l ec t rons  were inc ident  upon t e s t  samples ranged from 
4 x 10 e lec t rons  
space,  t o  as high as 1.7 x 
3 f a c t o r  of approximately 4 x 10 . 
samples was obtained -- i n  s i t u  following each exposure. 
exposed a t  more than or-e rate. 
13 
-2 
1 
8 sec'l, which is t y p i c a l  of peak e l ec t ron  fluxes i n  
represent ing  a labora tory  t e s t - acce le ra t ion  
Spec t r a l  re f lec tance  of test and c o n t r o l  
No tes t  sample was 
Following each i r r a d i a t i o n  t e s t ,  the CRETC was backf i l l ed  with dry 
air ,  and i n - a i r  re f lec tance  curves were obtained on s e l e c t e d  samples. P a r t i a l  ' ;  - 
recovery was seen i n  a l l  d i f fuse  samples. 
a f forded  the opportunity t o  observe whether any types of c o a t i w s  t e s t ed  
had a memory f o r  previous 
A second pumpdown of the chamber 
situ re f lec tance  changes due t o  e l e c t r o n  
exposure. No evidence of nemory f o r  previous darnage w a s  seen. 
3 
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)I 2.0 DETAIL2D FRCGRESS REF'OKC 2.1 T e s t  Specimens 
' 
Table 1 lists and describes the types of coa t ings  which were exposed 
t o  e l ec t rons  during the seventh quarter .  Earlier e l e c t r o n  t e s t i n g  of more 
coa t ing  types w a s  described i n  the  s i x t h  qua r t e r ly  r epor t ,  "In S i t u  Electron 
Damage t o  Thermal Control  Coatings.f1 
environment p r i o r  t o  i r r ad ia t ion .  
gloves during mounting i n  the t e s t  a r r a y  cover p la tes .  
placed behind the  aluminum subs t r a t e  of each sample t o  assure  m a x i m u m  
-- 
Tested samples were s to red  i n  a c lean  
They were handled orl edge with c l ean  
Copper shims'were 
thermal contac t  with the temperature-controlled copper sample wheel. 
Sample temperature was 22OC throughout t he  t e s t s .  
2.2 Electron Exposure 
Electrons f o r  the  screening t e s t  were,obtnineci from an  e l e c t r o n  gun 
mounted i n  the CETC.  The e l ec t ron  beam was s c a t t e r e d  through a t h i n  
aluminum f o i l  t o  obta in  uniform exposure ( a x i a l  symmetry) of samples 
mounted i n  the a r r a y  being i r r ad ia t ed .  The energy of the e l ec t rons ,  a f t e r  
pass ing  through the s c a t t e r i n g  f o i l ,  wzs adjusted by the acce le ra t ing  
e lec t rodes  t o  be 50 kev. Direct beam cur ren t  was measured i n  a f ixed  
Faraday cup loca ted  behind the sample wheel. 
sample a r r a y  se rves  as an  aperture  f o r  t h a t  i n su la t ed  Faraday cup. 
A hole i n  the c e n t e r  of the 
Thus 
0 the  cup can also be used t o  monitor the forward s c a t t e r e d  beam during 
exposure i n  o rde r  t o  provide a means of obtaining t o t a l  exposure f luence.  
Two reaote ly  cont ro l led  Faraday cups (90" with respect  t o  each o ther )  were 
ro t a t ed  about the  s c a t t e r i n g  f o i l  i n  order  t o  map the Gaussian e l e c t r o n  
sca t t e r ing .  
Table 2 shows the i r r a d i a t i o n  t e s t  po in t s  employed i n  these e l e c t r o n  
exposures, and the respect ive i r r a d i a t i o n  r a t e s  f o r  each exposure which were 
4 
. 
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Table 1 
' .  
Sample Types Tested 
Description 
B - Zinc oxide-methyl s i l i c o n e  (approximately 9 m i l s  of type S-13 on 
top  of a t h i n  coa t  of General E l e c t r i c  S54044 primer). 
Zinc oxide/aluminum oxide-potassium s i l i c a t e  (approximately 5 m i l s  
of pa in t  pigment SP500 from New Jersey Zinc). F3, 
Si l i con  diord.de on polished aluminum (vacuum-deposited S i 0  coat ing)  . 
X 
H 
I Leafing aluminum-silicone (approximately 3 m i l s  of coa t ing ,  f i n e  
l e a f i n g  aluminum i n  a phenolate s i l i c o n e ,  mixture of D o w  Corning 
805 and 806A). 
J Vapor-deposited aluminum on a lacquered subs t r a t e  ( t ransparent  
lacquer  from Bee Chemical, thermosett ing type). 
Polished aluminum (buffed and chemically cleaned by vapor degreasing) . 
Titanium dioxide-methyl s i l i c o n e  (approximately 5 m i l s  of pa in t  on 
top of approxinately 2 ndls of Cat-a-Lac white y r i u e r ,  Dow Corning 
methyl Q9-0090, mixed three p a r t s  pa in t  t o  one p a r t  c a t a l y s t ) .  
K 
. L1 
A methyl s i l i c o n e  type L with a black water emulsif ied s t r ippab le  
coating. L2 
M Zinc oxide-methyl s i l i cone  (same as type B except S-lX of a t h i c k e r  
coa t ing  of approximately 10 t o  12 mils). 
Kapton H-film (2  m i l s  th ick) .  N 
0 Titanium dioxide-me thy1 s i l i c o n e  (vehicle  is General E l e c t r i c  RTV 
602, 2 p a r t s  pigment t o  1 p a r t  vehicle) .  
P Titanium dioxide-methyl s i l i c o n e  (vehicle  is Dow Corning XR 6-3488, 
1.5 p a r t s  pigment t o  1 p a r t  vehicle).  
Mixed zinc oxide and t i tanium dioxide pigments i n  a ciixed s i l icone-  
s i l i c a t e  vehicle.  
J 
Q 
- Y . ~ Titanium dioxide-methyl phenyl s i l i cone  coating. (firornark) 
5 
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Table 2. Zlectron .Exposure Rates 
Average Rates of and Zxposures t o  50 kev Electrons 
Flue nce 
( e l ec t rons  cm-2) 
1 1 0 ~ 3  
1.6 1 0 ~ 3  
5 1 0 ~ 3  
14 ,1 x 10 
14 2 x 10 
5.5 x 10 
8.5 x 10 
8 x 
14 
14 
Flux 
(e lec t rons  cm-2 sec-1) 
8 4 x 10 , 1 x 1o1O 
2 x lO1O 
9 10 
9 l o  
2 x 1 0 , 2 x 1 0  
2 X 1 0 , 2 X l O  
11 2 x 1O1O, 1 x 10 
2 x lolo 
11 5 x 10 
1.7 x 10l2 
used t o  e s t a b l i s h  the f ind ings  concerning e l ec t ron  rate e f f e c t s .  
f ind ings  a r e  summarized by the  statement t h a t ,  f o r  50-kev e l ec t ron  fluxes 
The 
8 ranging from those t y p i c a l  of peak space f luxes  ( 4  x 10 
t o  acce lera ted  t e s t i n g  r a t e s  up t o  1.7 x 1 O I 2  e lec t rons  cmW2 sec  
n i f i c a n t  r a t e  e f f e c t s  e x i s t  i n  any of the 12 types of coat ings tes ted .  
e lec t rons  
-1 
sec") 
, no s ig-  . 
2.3 Electron Rate Tes t  Results 
The conclusion regarding absence of r a t e  e f f e c t s  was obtained a f t e r  
1 
, de t a i l ed  ana lys i s  of sample s p e c t r a l  re f lec tance  data a t  four  s i g n i f i c a n t  
wavelengths, 590, 900, 950, and 2100 nm, The wavelengths were chosen from 
continuous wavelecgth scan  cha r t s  on the bas i s  of s i g n i f i c a n t  re f lec tance  
l eng th  regions. 
is plus  o r  minus two percent. I n  the f igu res  following, R .  i s  t h e  pre- 
i r r a d i a t i o n  re f lec tance  value,  and Rf is the  "final!' -- i n  s i t u  value a t  any 
Probable e r r o r  i n  the ref lectance percentages expressed 
-- 
1 
6 a 
. 
e 
a 
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given fluence. Each value has been corrected very near ly  t o  absolu te  
I r e f l ec t ance ,  by normalizing the in t eg ra t ing  sphere NgO wall reference curve 
t o  100 percent ,  and the saqplc  re f lec tance  data poin t  proport ional ly .  
Figure 1 shows the  bui ld ing  up of re f lec tance  changes a t  2100 nm 
with increas ing  e l e c t r o n  fluence i n  two zinc oxide-methyl s i l i c o n e  types 
of samples, S-13 (B) and S-13G (M). 
f l u x  bears  a d i f f e r e n t  symbol, al lowing the  determination t o  be made t h a t  
exposure a t  each r a t e  used causes equivalent damage via ref lec tance  change. 
Data f o r  each i r r a d i a t i o n  r a t e  of 
Figure 2 shows similar da ta  a t  2100 nm f o r  two types of t i tanium 
dioxide-methyl s i l i c o n e  coat ings (L and P) .  
a n  anatase T i 0  
h ighes t  f luence.  
i r r a d i a t i o n  r a t e .  
Reflectance changes i n  L, 
are l a r g e r  than those i n  P,  a r u t i l e  T i 0  a t  a l l  bu t  the 
Again, re f lec tance  changes a r e  seen to  be independent of 
2' 2' 
Figure 3 shows data on two zinc oxide-pigmented sample types,  M and 
The d i f fe rences  i n  damage buildup may be seen f o r  zinc F, a t  950 MI. 
oxide-potassium s i l i c a t e  (F) as cont ras ted  with zinc oxide-methyl s i l i c o n e  
(M, S - l x ) .  The da ta  point  spread ind ica t e s  absence of r a t e  e f f e c t s .  
Figure 4 contains  near-infrared wavelength data f o r  two t i tanium 
dioxide-methyl s i l i c o n e  coat ings,  L and P. 
a t  900 nm, have the  g r e a t e s t  spread seen i n  a l l  groupings of re f lec tance  
values  analyzed f o r  r a t e  e f f e c t s  phenomena. Because the spreads a r e  within 
experimental e r r o r ,  however, there  is again no evidence of i r r a d i a t i o n  r a t e  
e f f e c t s .  
The data f o r  anatase T i 0 2  (L) ,  
Figure 5 shows re f lec tance  da ta  a t  590 IMI f o r  S-lX (H), zinc oxide- 
methyl s i l i c o n e ,  and f o r  type F, zinc oxide-potassium s J i c a t e .  A comparison 
of the  r e l a t i v e  spreads of data from F and )I is  be'licved t o  poin t  out  g r e a t e r  
sample-to-sample d i f fe rences  i n  !.I than i n  F. 
tance da ta  f o r  sample type L, Ti02-methyl s i l i cone .  
Figure 6 contains  590 nm ref lec-  
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I n  Figure 7, t o t a l  hemispherical re f lec tance  data a t  2100 nm shows 
absence of i r r a d i a t i o n  r a t e  e f f e c t s  i n  2 specular  sample types,  H (Si02 
vapopdeposi ted onto aluminum) and K (buffed aluminum). 
Figures 1 through 6 also provide add i t iona l  means of cha rac t e r i z ing  
! 
coat ing  degradation. 
i n  the s i x  f igures:  
presence of non-linear damage, ( i .e. ,  re f lec tance  changes which do not  de- 
pend l i n e a r l y  on e l ec t ron  fluence).  Sa tura t ion  of degradation is seen  t o  
take place a f t e r  var ious amounts of re f lec tance  change have occurred, and 
Table 3 summarizes two aspec ts  of degradation shown 
exten t  of damage buildup before s a t u r a t i o n ,  and 
occasional ly  (such as type M at  2100 nm) only a6 ref lec tance  approaches 
zero. Reflectance changes i n  sample type F a r e  seen t o  be more l i n e a r l y  
dependent on fluencc than other  coat ing types s tudied.  
Tables 4, 5 ,  and 6 ind ica te  a t  the  s e l e c t e d  wavelengths of 2100, 9 3 ,  
and 590 MI (chosen from 230 t o  2500 nrn continuous-scan c h a r t s ) ,  the re la t ive 
s e n s i t i v i t y  t o  50-kev e lec t rons  of the types of t h e r m 1  con t ro l  coat ings 
s tud ied .  Buildup of degradation i n  these coat ings can be s w a r i z e d  as 
f ollo1is : 
(1) A t  2,100 urn (Table 4) zinc oxide-methyl s i l i c o n e  coat ings 
(Figure 1) showed the g rea t e s t  s e n s i t i v i t y .  O f  the  t i tanium . 
dioxide-methyl s i l i cones ,  sample type L (Figure 2) was the  
most s e n s i t i v e  while ty,pes 0 and P exhibi ted much higher  
thresholds  for  damage. A t  2,100 nn type F was the least  
Gensit ive of the paints.  Kapton -H-film showed no evidence 
f o r  degradation a t  t h a t  wavelength. 
(2) The r e s i s t ance  t o  re f lec tance  change was, i n  general ,  s l i g h t l y  
g rea t e r  a t  950 IKI f o r  most c o a t i n p  (Table 5, Figures 3 and 4). 
The most notable exce2tion was type F,  which appeared t o  be 
s i g n i f i c a n t l y  more s e n s i t i v e  a t  950 nm. 
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B 
zno- 
Me t h y l  
S i l i cone  
Non-linear 
Table 3. Character-zation of DegraLdtion i n  Se lec ted  Coat 
M 
ZnO- 
Me t h y l  
S i l i cone  
Non-linear 
Wavelength 
Region 
damage. 
Begins t o  
0 Middle 
I n f r a re  d 
dama @;e. 
Sa tu ra t e s  
0 
Near 
I n f r a r e d  
s a t u r a t e  
a t  OR- 
40$. 
Vi s ib l e  
a t  l i m i t  
o f  re- 
f l e c  tance . 
Coating Type 
(Small re- 
f lec tance  
changes. ) 
Enci rc le  E 
L 
Anatase 
Ti02- 
Ne t hy l  
S i l icone  
0 
Begins t o  
saturate 
a t  AR==: 
4%. 
Non-linear 
daciage. 
Begins t o  
s a t u r a t e  
a t  OR= 
2%. 
0 
Non-linear 
dam6g 
B e g i n s  t o  
s a t u r a t e  
above 
2520% 
~ 
Non-linear 
dam8* 
Begins t o  
s a t u r a t e  
above AR 
&@k. 
number r e f (  
P 
Rut i le  
Ti02- 
Me t hyl  
S i l icone  
Linear  
damage 
(wi th in  
l i m i t s  of 
data.)  
0 
N on- 1 ine  a r 
Begins t o  
s a t u r a t e  
above OR 
%20;$. 
(Mostly 
small re- 
f lec tance  
changes. ) 
I 
(Very lit- 
t l e  re- 
f l e c  tance 
change. ) 
Yith in  
da t a  
l i m i t s  , 
l i n e a r  
damage t o  
h ighes t  
fluence 
I testg 
16 
unbe r 
F3 
zno- 
Potassium 
S i l i c a t e  
(Mostly 
small re- 
f l e c  tance 
changes. ) 
Linear 
dmage t o  
h ighes t  
fluence 
t e s t ed .  
0 
Linear  
damage 
t o  h ighes t  
fluence 
tes ted .  
0 
* 
Sample Type 
B 
F3 
L 
M 
N 
0 
P 
Q 
Y 
Table 4. Decrease i n  Reflectance a t  2100 nm. 
OR = Ri - R , (percent)  f o r  50 kev e lec t ron  
cm-2) o f :  Sample Type 
14 2 x i o  14 5.5 x 10 
33 
7 
2 '  
B 
F3 
zr 
I 
J 
K 
L 
M 
N 
jio 
0 
2 
-- * 
-_ 
3 
17 
48 
0 
1 
2 
22 
2 
3 
' 3  
4 
28 
51 
0 
2 
3 
31 
12 
Table 5. Decrease i n  Reflectance a t  950 nm. 
AR = R i  - R f ,  (percent)  f o r  50 kev e l ec t ron  
posures ( l e c t m n s  cm-2) of: 
5 x 10 13 14 2 x 10 
0 
6 
13 
13 . 
0 
4 
7 
22 
6 
14 5.5 x 10 8 x 
g o  
37 
28 
24 
17 
46 
35 
-- 
-- 
2 
10 
21 
16 
6 
9 
11 
33 
18 
I - 3%; H, J, K No change 
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a \ (3) I n  t h e  v i s i b l e  region (590 nm) type F was the  m o s t  s e n s i t i v e  
and types B and 0 ths  l e a s t  s e n s i t i v e  pa in ts .  
showed very large degradation, bu t  only a t  very high fluence. 
See Table 6 .  
Kapton E-film 
A m u l t i p l i c i t y  of 3 samples pe r  sample type was used a t  most da ta  
points .  
No systematic  differences were found between samples of type L which had 
o r  had not had a s t r igpab le  coating. 
Very c lose  agreement was found between samples of the same type. 
A d e t a i l e d  i l l u s t r a t i o n  of the buildup of degradation i n  sample 
type M with e l e c t r o n  exposure is shown i n  Figure 8. 
i n f r a r e d  wavelength region a n  i n i t i a l l y  rap id  decrease i n  re f lec tance ,  which 
There occurred i n  the  
eventual ly  s a t u r a t e d  a t  high AR values. I n  the  v i s i b l e ' r e g i o n ,  however, the 
buildup of damage was slow a t  f i r s t  and more rap id  a t  high exposure. 
reTexposure t o  (dry)  a i r ,  t h i s  sample e&ib i t ed  con t r a s t ing  behavior. 
Upon 
' 2.4 Post-Exposure Recovery o f  Reflectance i n  A i r  
D r y  a i r  w a s  admitted t o  the C R E E  t o  an  absolu te  l e v e l  of one 
atmosphere, a f t e r  completion of a l l  I -  i n  s i t u  re f lec tance  measurements. 
Reflectance measurenents were nade on se l ec t ed  samples a f t e r  i n - a i r  
s t a b i l i z a t i o n .  Resul t s  are given i n  Table 7. I n  addi t ion ,  a s e t  of 
re f lec tance  measurements was made on type M ,  z inc  oxide-methyl 
s i l i c o n e ,  while and a f t e r  the backf i l l i ng  of the chamber was done. 
Th i s  se t  of da ta  is reduced t o  reflectance-change form i n  Figure 9. Re- 
exposure t o  a i r  causes a rap id  r a t e  of re f lec tance  recovery i n  the 
i n f r a r e d  region; t h i s  r a t e  decreases with time, as Figure 10 shows. I n  the 
v i s i b l e  region, however, ref ledtance is res tored  much nore slowly, with 
18 
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Table 6. Decrease i n  Reflectance a t  590 nm. 
OR = - R f ,  (percent )  f o r  50 kev e l ec t ron  
Sample Type' 
B 
F 
L 
M 
N 
0 
P 
20 -- 
10 18 
13 60 
c- 3 
1 1 
Very s m a l l  changes even a f t e r  exposures 
d 
I +H, I, J, ,K: 
Table 7. "Permanent" Reflectance Losses 
Approximate Loss of Reflectance ( p e r c e n t i - f o r  L p G r Z l  
I Sample 
Types+ 
, 
B x lo1' ~ l e c t r o i  
U.V. Zdge Visible  
0 
0 
- 0  
6 
0 
0 
0 
0 
- 0  
.. 
4 
3 
4 
6 
6 
B 
F 
M 
0 
4 P 
L 
Types H, I, J, 
13 7 9 2 
nd K exhi1 ted no perranent re f lec tance  osses. 
v) 
v) 
0 
A 
W 
V 
Z 
W 
-I 
L 
W 
ac 
3 
I- 
v) 
I 
- 
Z - 
I 
I .  
D2-84118-7 
W 
V 
Z 
W 
3 
u, 
Z 
0 ac c 
a 
W 
2! 
I I  
I !  
I I  
h - -  cn 
I .  
20 
Y 
z 
> 
0 
U 
& 
W 
W 
& 
c n z  
0 w -  
b 
c 
.~ 
02 -84118-7  
. . .  I 
0 
u) . .  
0 
9 
t- L 
'\ I 
\ *  
+L 
I \  4
/ 
5; . .  
Z 
0 
L! 
z 
e 
Y 
21 
.- 
. 
D2-841 18-7 
O D  
. .  
( lN3313d) '1 - !1= 1V '33NV1331431 3 0  SSOl 
, 
I 
22 
D2-84118-7 
1 
considerable lTpermancnttl damage remaining i n  the diffuse coat ings  even days 
after b a c k f i l l i n g  the chamber with air. 
\ This data is seen t o  be cons is ten t  with r e s u l t s  from e a r l y  i n - a i r  
tests,  i n  which coat ings exposed t o  h i g h  fluences showed signs of permanent 
I 
I 
e f f e c t s  na in ly  in the  v i s i b l e  wavelength region. 
After  completion of in-air  reflectance,measurements, the CRSTC was 
re-evacuated i n  an  at tempt  t o  confirm results reported elsewhere, t o  the 
e f f e c t  t h a t  c e r t a i n  specimens h v e  a memory f o r  damage sus ta ined  during a 
previous phpdown.' I n  our  t e s t s  r e s u l t s  were negative on all coat ings 
measured, as  no memory f o r  previous damage w a s  exhib i ted  f o r  the two cases  
of (1) pumpdown only, and (2) pumpdown followed by a small e l e c t r o n  
exposure. 
t o  the degraded s t a t e . )  
(The exposure w a s  made . t o  see  i f  i t  would " t r iggerT1 a r e t u r n  
- .  More recent  discussions with G. A. Zer laut  of I I T  Research I n s t i t u t e  
have ind ica ted  t h a t ,  when placed i n  vacuum a second t i n e ,  unbound ZnO 
pigment has a menory f o r  previous damage. 
. .  
' J .  E. G i l l i s n ,  o r a l  remark a t  the 2nd AIAA Thernophysics S p e c i a l i s t  
- 
Conference, IIey Orleans,  Louisiana, April- 19, 1967. 
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3.0 NIL' TECHNOLOGY 
1 Research work performed on this cont rac t  has been reviewed. To the 
b e s t  of our knowledge, t he re  is no new technology t o  r epor t  t o  date. 
. 
4.0 PRCGRAM FOR THE NEXT REK)RTII?G IIJTERVAL 
The next r epor t ing  i n t e r v a l  w i l l  be f o r  the period of 15 June 
through 15 September. During t h a t  qua r t e r  the exposure of samples t o  
u l t r a v i o l e t - r i c h  electromagnetic r ad ia t ion  w i l l  be conducted. 
? 
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I 5.0 SUt*lMAIIY OF RZSULTS, CONCLUSIONS, AND EUI;COMIE;NDATIONS 
5.1 Sumnary of Results 
! 
1. I n  the  types of coa t ings  s tud ied  f o r  t h i s  con t r ac t ,  degradation 
i n  s p e c t r a l  r e f l ec t ance  due t o  W-kev e l e c t r o n  exposure appears t o  be 
independent of i r r a d i a t i o n  r a t e ,  over a range of r a t e s  from those t y p i c a l  
of peak space r a t e s  (4  x 10 e lec t rons  cm s e c  ) t o  labora tory  r a t e s  as 
much as 4 x 10 The fluence range over which t x i s  r e s u l t  was ob- 
8 -2 -1 ' 
3 higher. 
t a ined  spans the  various damage thresholds of the coa t ings  t e s t e d  -- 1 x 10 13 
-2 t o  8 x e l e c t r o n s  crn . 
2. Thresholds f o r  re f lec tance  degradation, and r a t e  of buildup of 
degradation vary considerably,  even among coa t ing  formulations of a s i n g l e  
class (e.g. Ti02-methyl s i l i c o n e ) .  
degradation proceeds t o  vcry high rc f lec tancc  change valuac bcfore sa turn-  
t ion  occurs. 
I n  ZnO-methyl s i l i c o n e  coatings,  
3. Coatings employing methyl s i l i c o n e  b inders  s u s t a i n  the  g r e a t e s t  
degree of r e f l ec t ance  degradation i n  the  i n f r a r e d  wavelength region. 
Coatings using potassium s i l i c a t e  b inders  s u f f e r  the l a r g e s t  electron- 
induced r e f l ec t ance  l o s s e s  i n  the v i s i b l e  region. 
4. Subs tan t i a l  r e s t o r a t i o n  of s p e c t r a l  re f lec tance  toward pre- 
i r r a d i a t i o n  values occurs i n  most d i f f u s e  coa t ings  upon re-exposure t o  air. 
' 5.2 Conclusions 
1. The r e s u l t s  of these tests on t h e r n a l  con t ro l  coatings t i e  
t oge the r  (1) the r e s u l t s  of ea r ly  i n - a i r  t e s t s  (samples exposed a t  high 
f luences) ,  i n  which specimens evidenced l a s t i n g  e f f e c t s  only i n  the  
v i s i b l e  region, and (2) the more recent  r e s u l t s  of -- i n  s i t u  t e s t i n g  t h a t  
. 
i nd ica t e  t h a t  contanination-free exiiosures t o  e l ec t rons  show ref loctance 
changes i n  the in f r a red  region as well. 1 
i 
< 2. I r r a d i a t i o n  of thermal cont ro l  coa t inzs  with W-kev e l e c t r o n s  
a t  acce lera ted  laboratory r a t e s  appears t o  be va l id ,  a t  l e a s t  t o  an  accelera-  
3 t i o n  f a c t o r  of 4 x 10 . 
3. Non-linear damage is present  i n  one o r  more wavelength regions 
o f  seve ra l  coa t ing  types examined. 
with e l ec t ron  fluence i n  type F, z inc oxide/aluminum oxide-potassiun . s i l i c a t e .  
Degradation proceeds most near ly  l i n e a r l y  
4. Based upon subs t an t i a l ly  d i f f e r e n t  degradation phenomena (vario’hs 
r e l a t i v e  amounts of ref lectance change) i n  the seve ra l  wavelength regions 
s tud ied ,  the operat ion of more than one darriap mechanism is indicated.  
5.3 Recommendations 
The following recommendations a r e  made: 
1. T h a t  a study of the dependence of re f lec tance  degradation i n  
s e l e c t e d  t h e m a l  cont ro l  coating types,  upon the  inc ident  energy of e l e c t m n s  
between 20 and 80 kev, be performed as an  add-on t o  this contract .  
2. That i n  the i n t e r e s t  of being ab le  t o  charac te r ize  t e s t  r e s u l t s  
more f u l l y ,  and t o  a r r i v e  a t  more meaningful conclusions,  more information 
on the formulation and preparat ion of coat ing spec imns  be passed a long  t o  
Boeing whenever i t  is shared with NASA-Goddard by suppl ie rs .  
7 
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